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ABSTRACT OF THE DISCLOSURE 

A method and apparatus for inducing compressive 
stresses in a pressure vessel to prevent stress corrosion. 15 
The apparatus consists of mechanism for rotating the 
pressure vessel while a lance carrying a nozzle supplied 
with beads traverses the entire inside surface of the 
pressure vessel uniformly peening the material to intro- 
duce the stress. 20 


The invention described herein was made by em- 
ployees of the United States Government and may be 
manufactured and used by or for the Government for 25 
governmental purposes without the payment of any 
royalties thereon or therefor. 

This invention relates to a method and apparatus for 
preventing stress corrosion in a pressure vessel, and more 
particularly to introducing a compressive stress in the 30 
inner surface of the pressue vessel by peening. 

Many of the fuel tanks utilized in today's spacecraft 
must store rocket engine propellants which are highly 
corrosive. Stress corrosion is greatly accelerated when 
the tanks are pressurized and very small surface flaws 35 
are propagated in the inner surface of the tank due to the 
combined effect of corrosive media and tensile stress 
in the tanks. For example, fuel tanks constructed of 
titanium alloy utilized to contain nitrogen tetroxide have 
failed under tests in a period of three or four days due 40 
to stress corrosion. 

One solution to the problem is to increase the thickness 
of the material from which the tank is constructed. This 
remedy is not generally feasible in the space program, 
however, because of the increased weight of the tank. 45 

Another approach to the problem is to utilize bladders 
inside the pressure vessels to prevent the fuel from com- 
ing in contact with the surfaces of the fuel tank. Although 
this arrangement is successful in many instances, there 
are also many problems attendant to the use of bladders. 50 
Some of these problems include inserting the bladder in 
the fuel tank and making it conform with the shape of 
the fuel tank without wrinkling. If the bladder is 
wrinkled, it can develop leaks later upon pressurization 
of the tank. Of couse, the addition of the bladder adds 55 
unwanted weight to the fuel tank, and permeability of the 
liquid through the bladder allows the liquid to come in 
contact with the tank wall. The collapse of the bladder 
upon fuel discharge from the tank has also caused many 
problems in fuel discharge and tank emptying. 60 

This invention overcomes the above enumerated dif- 
ficulties by inducing residual compressive stresses into 
the inner surface of the tanks of such a magnitude that 
the exposed surface remains in compression rather than 
tension when the tanks are pressurized. 

It is, therefore, an object of this invention to provide 
a method of preventing stress corrosion in pressure ves- 
sels by inducing compressive stresses into the inner sur- 
face thereof. 

Yet another object of this invention is to provide 
apparatus for peening the inner surface of the tank to 
induce compressive stresses. 
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Still another object of the invention is to provide ap- 
paratus for uniformly peening either spherical or cylin- 
drical shaped pressure vessels of various sizes. 

An additional object of the invention is to provide 
apparatus which will peen large thin-skinned pressure 
vessels. 

A further object of the invention is to provide appa- 
ratus for peening a pressure vessel which is relatively sim- 
ple in construction and is easy to operate and maintain. 

Yet another object of the invention is to provide an 
apparatus for glass bead peening pressure vessels wherein 
the material used for peening may be recovered and 
reused. 

An added object of the invention is to improve the 
inner surface characteristics of the pressure vessel, such 
as elimination of stress concentrations, by uniform 
peening. 

These and other objects and advantages of the inven- 
tion will become more apparent upon reading the speci- 
fication in conjunction with the accompanying drawings. 

In the drawings: 

FIG. 1 is a plan view of a portion of the bead peen- 
ing apparatus showing part of the support structure, and 
mechanism attendent thereto. 

FIG. 2 is a plan view of the other portion of the bead 
peening apparatus showing the remaining support struc- 
ture, and apparatus associated therewith. 

FIG. 3 is a cross sectional view of a fuel tank show- 
ing the peening apparatus inserted in the tank, and the 
sequential movement of the apparatus in a peening 
cycle; 

FIG. 4 is an electrical diagram showing the circuitry 
associated with the apparatus for programing and con- 
trolling the operation of the machine; and 

FIG. 5 is a perspective view showing a multiple nozzle 
arrangement. 

Basically, the invention consists of an apparatus hav- 
ing several components which function as a combination 
to provide the peening operation. Briefly, the invention 
includes a support structure consisting of a pair of beams 
tied together with cross members forming a support for 
much of the structure. Located on one end of the sup- 
port structure is a cradle which is utilized to carry the 
pressure vessel to be peened. The cradle is rotatably 
mounted on the support structure through a friction drive 
arrangement. The other end of the support structure is 
provided with rails upon which a wheeled carriage is 
adapted to move. The carriage carries a lance having 
a bead peening nozzle mounted on its end. A motor and 
drive train are connected to the carriage and utilized to 
advance the lance in the pressure vessel. A drive mech- 
anism is associated with the nozzle such that it can 
traverse an arc to effectively peen the curved surfaces 
of the pressure vessel. Bead propelling mechanism is at- 
tached to the nozzle to supply beads for peening pur- 
poses. Programmer and control circuits are associated 
with the various elements to accomplish uniform peening 
of the pressure vessel. 

Referring now more specifically to the details of the 
invention, FIGS. 1 and 2 show the overall bead peening 
apparatus designated generally by the reference numeral 
10. FIG. 1 shows the part of the support structure which 
carries the carriage, lance, nozzle and associated drive 
equipment. The bead propelling mechanism and the pro- 
graming and control mechanism are also shown sche- 
matically in FIG. 1. FIG. 2 shows the other end of the 
support structure which is attached at the break lines 
X — X. This portion of the support structure carrying 
the cradle and its drive mechanism. 

The support structure is designated generally by the 
reference numeral 11 and includes a pair of support 
beams 12 and 13 which are located in spaced parallel 
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relationship. The beams 12 and 13 are tied together by 
structural tie members 14, 14a, 1 4b, 14c and 14d. Rails 
15 and 16 are fixed to the respective beams and extended 
from one end of the beams to the point adjacent the cra- 
dle providing a runway for a carriage to be explained g 
more fully hereinafter. 

Bearings 17 and 18 are fixed to the beam 12. Opposing 
bearings 2© and 21 are fixed to the beam 13. These bear- 
ings are of a conventional design and are constructed to 
support rings of the cradle. Locator assemblies 21 and 22 jq 
are also carried by the beam 12 and are positioned 
adjacent the bearings 17 and 18. These assemblies include 
a bracket and wheel arrangement rotatably mounted there- 
on. Similar locator assemblies are carried by the beam 13, 
the assembly 24 opposing the assembly 21, and the as- J5 
sembly 23 opposing the assembly 22, These assemblies 
are adapted to engage the ends of the cradle ring structure 
to prevent longitudinal movement of the cradle. 

A carriage designated generally by the reference num- 
eral 30 is constructed of a series of structural members to 20 
take up a frame 31 which is pyramid-like in shape. Wheels 
32, 32 a, 32 b and 32c are rotatably mounted on the re- 
spective comers of the carriage. The wheels 32 and 32a 
engage the rail 15 and the wheels 32 b and 32c, the rail 
16. Carriage 30 can thus travel from one end of the rail 25 
to the other in a conventional manner. Stops, of a con- 
ventional design, may be placed at the ends of the rails 
to prevent derailment of the carriage. 


lance 61. The lance 61 is an elongated channel shaped 
member having one end thereof connected to lance mount 
60 and a portion approximately midway thereof fixed 
to the lance mount 60a. The remainder of the lance pro- 
jects beyond the carriage toward the other end of the 
support. The lance should be of sufficient length so that 
the porion thereof extending beyond the carriage is ca- 
pable of penetrating to the furthest extremity of the pres- 
sure vessel. 

A nozzle pivot 62 is associated with the end of the 
lance furthest from the carriage. A nozzle arm 63 engages 
the nozzle pivot, and supports the nozzle 64. This pivotal 
connection allows the nozzle 64 to swing through an arc 
greater than 180°. A drum 65 is connected to the nozzle 
arm 63 and is adapted to receive a winding cable 66 
which is entrained about this winding drum and the wind- 
ing drum 44. Movement of the winding drum 44 is thus 
conveyed to the drum 65 resulting in the nozzle arm mov- 
ing and the nozzle transcribing an arc. 

The nozzle 64 is of a conventional design and operates 
on the aspirator principle (air flowing through the nozzle 
picks up the beads and propels them against the surface 
to be peened). A single nozzle may be utilized, or a mul- 
tiple type nozzle if it is desired to cover a greater area 
of the material being peened. A multiple nozzle is shown 
in FIG. 5, the nozzles being designated 64a, 64 fr, 64c and 
64d. The length of the nozzle arm 63 is variable to accom- 
modate various sizes and shapes of tanks being peened. 


A mounting plate 35 is secured to the upper framework a flapper 67 is adapted to cover the nozzle outlets and 
of the carriage and provides a flat supporting surface for 30 to deflect the beads. The flapper is merely a rectangular 
mounting various elements of the apparatus. Located at piece of flexible material which partially covers the nozzle 
one end of the mounting plate 35 is a base plate 36 which discharge. Use of the flapper is desirable to prevent 
is secured thereto by bolts or other conventional fasten- peening until the flow of beads is at the right rate and 
ers. The base plate 36 supports a radius motor 37 which pressure. At that time a flapper control 68 may be 
has associated with it a clutch and brake 38 and 39, re- 35 operated to expose the nozzle discharge to the material 
spectively. The clutch and brake are of the magnetic type being peened. The nozzle control 68 may be nothing more 
and formed integral with the motor housing in a man- than a cable attached to a lever positioned on the lance, 
ner known in the prior art. A drive train 41 connects the Operation of the lever merely withdraws the flapper from 

output of the radius motor 37 with a reduction gear 42. the nozzle. This may be done manually, or the flapper 

The reduction gear 42 is also available commercially. 40 contr ol may be operated by a solenoid. 

Another drive train 43 connects the output of the reduc- A cradle 70 (FIG. 2) is located on the support struc- 
tion gear 42 with a winding drum 44, utilized to move the ture at t h e end thereof opposite that carrying the carriage, 

bead peening nozzle through an arc in a manner to be xhe cradle 70 has a pair of ring structure members 71 

described subsequently. An indicator 45 is connected to anc j 72. These members are connected together by spacer 

the shaft of the winding drum and has a punter and scale ^ bars 73, 73 a, I'bb and 73 c, this structure making up a 
arrangement which indicates the degrees of movement cradle or cage which houses the pressure vessel. The ring 
of the peening nozzle. Limit switches utilized in controlling structure members 71 and 72 rest on the bearings 17, 18, 
operation of the nozzle are associated with the indicator 19 aiK | 20, the cradle being rotatably supported thereon, 
and are activated by the . indicator for purposes which xhe locator assemblies 21, 22, 23 and 24 engage the ends 
will be explained in detail in describing apparatus cir- 5 q D f th® ring structure members to longitudinally position 
c uitry. the cradle and a pressure vessel carried thereby. The 

A lance motor 47 is located adjacent the beam 13. This bearings 18 and 19, the assemblies 22 and 23 and the 

motor also has a magnetic clutch and brake 48 and 49 (of r j ng support 72 can be made so as to be adjustable on 

conventional design) associated with it. The output shaft the beams 12 and 13 to accommodate tanks of various 
of the lance motor 47 is connected directly to a state of 55 sizes< xhe spacer bars 72, 72 a, 12b and 12c would also 
the art reduction gear 50. # be adjustable to tie the cradle together as an element. 

The output of reduction gear 50 is connected to a A variable speed cradle motor 75 is located adjacent 
drive shaft 51 which extends across the support structure tie member 14 d and the support beam 13. The output 

and through the beam 12. A portion of the shaft 51 is Q f the motor is connected to a reduction gear 76. A drive 
journaled in the beam 12. A sprocket 52 is keyed to the 60 t ra in 77 associated with the reduction gear and bearing 
drive shaft 51 midway between beams 12 and 13. A (wheel 20 provides the structure for rotating the bearing 
chain 53 is entrained over the teeth of the sprocket and anc j drive wheel 20. The wheel 20 is in frictional engage- 

the teeth of a return sprocket 54 which is mounted on the ment ^i th the r i ng structure 71, resulting in a friction 

tie member 14. A chain clamp 55 connects the chain to drive for the cradle 70. 

the carriage 30 at a point below the radius motor of base gg A pressure vessel 79 is shown associated with the cradle 
plate 36. 'It is believed apparent that rotation of the 7^ Although the pressure vessel may be made of various 

sprocket 52 by the lance motor 47 will result in the car- type of material, one type of material generally used for 

riage being moved on the rails 15 and 16. A crank 56 is pressure vessels utilized in the space environment is a 
attached to the end of the drive shaft 51^ which extends titanium alloy (TI-6A1— 4V). The pressure vessel has an 
through the beam 12, the crank being utilized to position ^ q opening 80 which provides access to the interior of the 
the lance for controlled peening and to return the car- vessel to accomplish peening, and of course, provides a 
riage to its normal starting position once the peening op- means for filling the pressure vessel with rocket fuel, and 

eration has been completed. for feeding fuel to a rocket motor. A manifold 81 is 


Lance brackets 60 and 60a are secured to the mounting 


associated with the pressure vessel and surrounds the 


plate 35 at spaced intervals and are adapted to hold the 75 opening thereof. The manifold functions in the usual 
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manner of a manifold providing an opening 82 for the 
lance, an exhaust vent and a coupling for a vacuum system 
to be explained more fully hereinafter. 

Returning to FIG. 1, an air supply 90 which may be 
a compressor or other suitable source of air is shown 
positioned adjacent the support structure. A supply line 
91 connects the air supply with an air drier 92. The air 
drier 92 may be of the desiccant type or other types 
available commercially. Dry air helps maintain uniform 
flow of glass beads used for peening. The dry air is con- 
veyed by line 93 to the bead propelling apparatus 94. The 
bead propelling apparatus is also available commercially. 
A monitor 95 is connected to the bead propelling appara- 
tus and functions to sense the rate of bead flow and pres- 
sure associated therewith so that the flow of beads from 
the bead propelling apparatus to the nozzle may be con- 
trolled. Monitoring is accomplished by leading the current 
from a static charge on the glass beads flowing in the 
hose. A monitor similar to that shown in U.S. Pat. No. 
2,994,035 has been found suitable for this purpose. If the 
rate of flow is not uniform a visual or audio device will 
so indicate and the apparatus can be shut down for 
adjustment. Bead and air supply hoses 96 are connected 
between bead propelling machine 94, the monitor 95 
and the nozzle 64. The nozzle 64 may be of the aspirator 
type whereby air flowing through the nozzle draws beads 
through the nozzle and imparts the velocity to the bead 
necessary to impinge it against the pressure vessel for 
peening purposes. 

A manifold vent 97 is connected to the manifold 81. 
The manifold vent provides means whereby an atmos- 
pheric condition may be maintained within the pressure 
vessel during peening. A vacuum line 98 is connected to 
the manifold 81 and is associated with the interior of 
the pressure vessel. The cradle 70 may be canted a few 
degrees (2.5 to 3.0 degrees) on the support structure such 
that the manifold end of the pressure vessel is slightly 
lower than the other end of the vessel. This arrangement 
causes the used beads, broken beads, dust and debris to 
move under the influence of gravity to the vicinity of the 
manifold. The vacuum line 98 picks up the used beads 
and draws them into the separator 99. The separator 99 
is also of a conventional design, and may be of the shak- 
ing type having a screen wherein the good, used beads 
are separated from the broken beads, dust and other 
debris, The good, used beads are then returned to the 
bead propelling apparatus 94 of bead return line 108. An 
auxiliary bead supply 101 is placed in the line 100. In 
using the apparatus, it was found that when 40 percent 
of the bead supply was broken the peening efficiency 
dropped off. Thus, new beads are supplied at this point 
of breakage by the auxiliary bead supply 101. The auxil- 
iary bead supply is in the form of a hopper (shown 
diagrammatically as 101) and the additional beads are 
poured into the hopper 101. It was also found during 
test that an increase in pressure as the beads gradually 
broke to the 40 percent figure helped maintain peening 
effectiveness. Accordingly, the pressure is increased grad- 
ually until the beads are re-supplied. This is done man- 
ually by turning a conventional valve 102 (FIG. 1) or 
can be done automatically by the use of a conventional 
timer and solenoid associated with the valve since the 
average bead breakage over a time interval can be cal- 
culated. A vacuum pump is associated with the bead 
propelling apparatus to draw the beads back to it. 

A programmer 105 is located adjacent the support struc- 
ture and is associated with a controller 110. Electrical 
conduit 111 connects this mechanism with the various 
motors and control elements of the apparaus. The pro- 
grammer 105 is of a conventional design, and is of the 
drum type, wherein a motor rotates the drum which 
carries a program. There are three drums which control 
three different phases of operation. The radius drum RA 
programs movement of the radius motor 37 and thus 
movement of the nozzle 64. Another drum CA programs 
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the speed of rotation of the cradle 70 during peening of 
the flange end or the end of the pressure vessel that has 
an opening. The third drum CB programs the speed of 
rotation of the cradle 70 during peening of the closed 
r end of the vessel. A pickup is associated with each of the 
0 drums the output of which is fed to the controller 110. 
The controller 110 has potentiometers which are varied 
according to programs, which vary the speed of the 
motors. 

10 OPERATION 

From the above description of the apparatus, the 
method and apparatus of the invention is believed to be 
generally understood. However, a detailed description of 
the operation is herein set forth with a description of an 
electrical circuit which may be used for semiautomatic 
peening of a pressure vessel. 

The electrical circuit 120 (FIG. 4) has a feedline 121 
and a return line 11 having a 110-volt potential there- 
20 across supplied from a stepdown transformer Tl. The 
line 121 has a master switch 123 which when closed 
enables the major components of the circuit to be ener- 
gized. 

Prior to closing the master switch 123, however, the 
25 carriage 30 and lance 61 should be advanced so that the 
nozzle 64 can assume the position shown in solid line in 
FIG. 3. The nozzle is at an angle of approximately 15° 
with the longitudinal axis of the lance. This angle can be 
determined by viewing the indicator 45. The lance and 
30 carriage is advanced manually by the crank 56 and the 
nozzle angle can also be set manually. 

The master switch 123 is then closed and the switches 
125, 126 and 127 are closed completing a circuit to the 
radius motor 37, lance motor 47 and cradle motor 75, 
35 respectively. The programmer switch 124 is closed causing 
the cradle programmer motor 130 to start. The cradle 
controller 110 is also energized at this time. 

The air supply 90, air dryer 92, bead propelling ap- 
paratus 94, auxiliary bead supply 101 and separator 99 
40 are also started at this time by closing switch 131. 

The cradle program motor 130 runs for a short time 
turning a programed drum CA which is associated there- 
with. This time interval is allowed to enable the cradle 
motor 75 to bring the cradle 70 and pressure vessel 79 
4 - carried thereby up to a stabilized rotating speed. A trip 
connected to the programed drum CA closes a limit 
switch 132 which picks up a relay 133. The closing of 
the limit switch also starts a programmer clock 135. The 
relay contact 134 locks in the relay 133 and the clock 
35 to maintain operation throughout the peening cycle. 

Another contact 140 of relay 133 is closed completing 
a circuit to clutch 38 and brake 39 of radius motor 37. 
The brake is thus released, and the cultch engaged start- 
ing the operation of the radius motor. Prior to the start- 
ing of the radius motor the beads from the bead propel- 
ling apparatus are striking the flapper 67. At this point 
control 68 is actuated and the flapper 67 removed so that 
the beads impinge against the inner surface of the tank 
and the peening operation starts, 

6Q The radius motor 37 drives the winding drum 44 which 
in turn moves the winding cable 65 and the nozzle 64 
transcribes an arc. The speed of the radius motor 37 is 
controlled by programed drum RA the motor 139 of 
which is also energized by the closing of contact 140 
65 previously described. 

The programed drum CA has a predetermined line 
drawn thereon which is followed by a pickup mechanism. 
The output of the pickup mechanism is fed to the con- 
troller 110. The input to the controller regulates a poten- 
70 tiometer which in turn varies the speed of motor 75 to 
provide the correct cradle speed rotation to properly 
peen the flanged or open end of the pressure vessel. The 
programed drum RA controls the speed of the radius 
motor 37 and thus the angular speed of the nozzle. 

75 The programed motor speeds are determined by es- 
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tablishing the effective spot size of the nozzle or nozzles 
and then employing the following relationships: 


where 
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<p(t) is the nozzle angle movement 
w is the rate of tank rotation in the dome portion of 
vessel 

w 0 is the rate of tank rotation in the cylindrical section 
of the vessel 

AS is the effective spot size 

R is the radius of the tank 20 

t is time. 


These equations are used to obtain values for <p and w 
versus time which are plotted on the drum-type pro- 
grammers to control the nozzle movement and tank rota- 
tion for the peening of the hemispherical or spherical 25 
tanks. 

Peening continues until the nozzle reaches a position 
perpendicular to the cylindrical portion of the pressure 
vessel at which point a limit switch 136 is closed. The 
limit switch 136 is physically located to be tripped by U 
the indicator 45. This limit switch is termed the 90° 
radial limit switch since the nozzle is at a 90° angle with 
respect to the longitudinal axis of the lance at this posi- 
tion. Closing of the limit switch 136 picks up relay 137 
causing its normally closed contact 128 to open. This 35 
opens the circuit to the cradle program motor 136 and 
shuts down the motor and its programed drum function. 
Another normally closed contact 141 of relay 137 is 
opened, breaking the circuit to clutch 38 and brake 39 
of the radius motor 37 causing the clutch to disengage 
and the brake to engage thereby stopping the output from 
the radius motor. A third normally open contact 142 of 
realy 137 closes and completes a circuit to the clutch 48 
and brake 49 of lance motor 47. The clutch 48 is thus 
engaged and brake 49 released resulting in rotation of 45 
the reduction gear 56 and output shaft 51. The output 
shaft 51 rotates the sprocket 52 moving the chain 53 
which is clamped to the carriage 30. The carriage 30 is 
thus moved forward along the cylindrical portion of the 
pressure vessel peening the cylindrical portion of the pres- 50 
sure vessel. The cradle motor 75 continues to rotate at the 
speed determined by the output from the reduction gear 
and associated power train. 

When the lance reaches the end of the cylindrical por- 
tion of the pressure vessel the normally closed contact 55 
151 and the normally opened contact 152 of a lance limit 
switch are opened and closed, respectively. The nozzle 
is now in the dotted line position shown in FIG. 3. Open- 
ing of contact 151 breaks the circuit to the lance motor 
clutch 48 and brake 49, disengaging the clutch and ap- 60 
plying the brake, thus stopping the output from the lance 
motor 47. 

Closing of contact 152 energizes relays 152, 153 and 
another program motor 154 and its drum CB in the pro- 
grammer 105. The contact 129 of relay 152 is opened 65 
to maintain the program motor 131 out of the circuit. 
Normally opened contact 138 of relays 152 is closed to 
again energize the radius program motor 139. The same 
contact 138 also completes a circuit to the cultch 38 and 
brake 39 of the radius motor, releasing the brake and 70 
enerigizing the clutch resulting in an output from the 
radius motor 37 and in turn the winding dram 44. The 
nozzle 64 thus again starts to transcribe an arc to peen 
the closed end of the pressure vessel. The output from 
the programed dram CB associated with the program 75 
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motor 154 is again picked up and fed to the controller 
110. The relay 153 transfers the input information to 
another potentiometer in the controller, the output from 
this potentiometer again controlling the speed of the 
cradle motor 75. 

When the nozzle 64 has transcribed an arc of 180° (as 
shown by the arrow in FIG. 3), the normally closed limit 
switch 155 is opened shutting down the complete circuit. 
The switch 155 is physically located so that it is tripped 
by the indicator 45. The inner surface of the pressure 
vessel is then completely peened and the peening opera- 
tion complete. The lance 61 is normally withdrawn from 
the pressure vessel manually by rotating crank 56 asso- 
ciated with the end of the lance drive shaft 51. The pres- 
sure vessel can then be removed from the cradle 70. The 
pressure vessel may be cleaned to remove any of the dust 
and debris which may have remained in the vessel. 

Although the electrical circuit in FIG. 4 shows an auto- 
matic operation for the peening sequence, it is believed 
to be apparent to one skilled in the art to add the neces- 
sary switches and relays to the circuit to provide for 
manual operation of each of the motors and components 
to manually operate the apparatus. Since uniform peen- 
ing of the inside surface of the tank is the desired objec- 
tive, the programed automatic operation of the apparatus 
is normally more accurate and preferable over manual 
operation. 

From the above description of the invention, the ad- 
vantages of the method and apparatus to prevent stress 
corrosion in a pressure vessel utilized to store corrosive 
media is believed to be apparent. By inducing a compres- 
sive stress in the inner surface of the pressure vessel, the 
tensile stress normally appearing in an unpeened pressure 
vessel subjected to pressure is eliminated. Accordingly, 
the inner surface flaws which occur on pressurization of 
the fuel tanks are eliminated with the attendant highly 
active corrosion. The apparatus utilized provides a mech- 
anism for uniformly peening the interior of the pressure 
vessel, the uniformity of the peening also resulting in 
uniform compressive stresses being induced. This also 
tends to eliminate points of stress concentration in the 
pressure vessel which might have been induced in man- 
ufacture due to the geometrical design or shape of the 
tank. The intensity or magnitude of the peening can be 
varied to control the depth of the compressive stress into 
the tank material to meet the requirements of the partic- 
ular fuel storage situation. The apparatus can also be 
utilized to peen tanks of various sizes and shapes with 
minor modifications to the equipment. The peening of 
the tank does not lower the tensile yield strength of the 
tank material to any appreciable degree. Thus, the 
thickness and weight of the tank material remains sub- 
stantially the same as that of an unpeened tank. It has 
also been found that peening the tanks does not adversely 
affect the overall dimension of the tank which must be 
maintained within certain tolerances to be useful as a 
fuel tank for space hardware. It has also been determined 
that peening the inner surface of the tank reduces the 
friction between the bladder and the vessel wall should 
a bladder also be utilized. 

While a preferred embodiment of this invention has 
been described, it will be understood that modification 
and improvements may be made thereto. Such of these 
modifications and improvements as incorporate the prin- 
ciples of this invention are to be considered as included 
in the hereinafter appended claims unless these claims 
by their language expressly state otherwise. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. An apparatus for peening pressure vessels and the 
like comprising: 
support means; 

cradle means adapted to rotatably support a pressure 
vessel on said support means; 
lance means movably mounted on said support means; 
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nozzle means pivotally mounted on said lance means; 

bead propelling apparatus connected to said nozzle 
means; 

power means for energizing said cradle means, lance 
means, nozzle means and bead propelling apparatus; - 
and 5 

control means for directing the operation of the above- 
mentioned means whereby the lance means and noz- 
zle means travel inside said pressure vessel in a 
manner such that beads from the bead propelling 10 
apparatus and nozzle uniformly peen the pressure 
vessel. 

2. An apparatus for peening pressure vessels and the 
like as in claim 1 wherein said support means is an elon- 
gated frame-like structure having tracks; a wheeled car- J5 
riage mounted on said tracks; and said lance means be- 
ing mounted on said carriage. 

3. An apparatus for peening pressure vessels and the 
like as in claim 1 wherein said cradle means is a cage- 
like structure having spaced ring-like structural mem- 20 
bers; and bearing means carried by said support means 
rotatably engaging said ring-like members to support and 
locate said cradle means with respect to said support 
means. 

4. An apparatus for peening vessels and the like as in 25 
claim 1 wherein said nozzle means consists of several 
nozzles whereby several streams of beads can be pro- 
pelled against the pressure vessel. 

5. An apparatus for peening pressure vessels or the 
like as in claim 1 wherein said nozzle means is a single 30 
nozzle adapted for use with small pressure vessels. 

6. An apparatus for peening pressure vessels or the 
like as in claim 1 wherein deflector means covers said 
nozzle means; and means to remove said deflector means 
when said bead propelling means is providing the proper 35 
quantity of beeds at a suitable pressure. 

7. An apparatus for peening pressure vessels or the 
like as in claim 1 wherein said power means includes a 
motor for rotating said cradle and a pressure vessel car- 
ried thereby; a second motor for advancing said lance 40 
means in said pressure vessel; and a third motor for ro- 
tating said nozzle means with respect to said lance means. 

8. An apparatus for peening pressure vessels and the 
like as in claim 1 wherein said control means includes 
programming means for rotating the cradle means at a 45 
predetermined speed, and for rotating the nozzle means 
through a predetermined angle and at a given speed. 

9. An apparatus for peening pressure vessels and the 
like as in claim 1 wherein said bead propelling means 
includes means for maintaining a uniform rate of bead 50 
flow; means for returning beads utilized in peening; and 
means for separating broken beads and dust the bead 
propelling means. 

10. An apparatus for peening pressure vessels and the 
like as in claim 1 wherein said bead propelling apparatus 55 
includes auxiliary bead supply means; said auxiliary bead 
supply means adding beads to the bead propelling appa- 
ratus upon the breakage of a predetermined quantity of 
beads. 

11. An apparatus for peening pressure vessels and the 60 
like as in claim 1 wherein a manifold is fixed to the pres- 
sure vessel mouth and surrounds the lance means and is 
adapted to close the mouth of the pressure vessel; said 
manifold carrying a vent to atmosphere and exhaust lines 
for returning beads and debris to the bead propelling 65 
means. 

12. An aparatus for inducing compressive stresses into 
a pressure vessel to avoid stress corrosion comprising: 
support structure including a pair of spaced tracks; a 
cradle located at one end of said support structure; said 70 
cradle having support rings connected by spacer bars 
positioned at intervals about the rings; bearings carried 

by said tracks engaging said rings for rotatably mounting 
said cradle on said support means; locator assemblies en- 
gaging the ends of said rings for longitudinally position- 75 


ing said cradle; a motor and drive train connected to said 
cradle for rotating it with respect to said support means; 
a wheeled carriage mounted on said tracks, a motor and 
drive train connected to said carriage for moving it with 
respect to said cradle; a lance fixed to said carriage and 
being positioned so as to enter a pressure vessel carried 
by said cradle; a nozzle pivotally connected to the end of 
the lance; a motor and drive train connected to said noz- 
zle for moving it through an arc; bead propelling mech- 
anism having lines carried by said lance and connected 
to said nozzle; and control means for regulating the ro- 
tation of said cradle and pressure vessel carried thereby, 
the movement of the carriage, lance and nozzle, the arc 
traversed by the nozzle and the rate and pressure of beads 
providing uniform peening of all surfaces of the pressure 
vessel subjected to stress corrosion. 

13. A method for preventing stress corrosion in a 
pressure vessel comprising: 

positioning the pressure vessel for peening; and uni- 
formly peening the entire inside surface of the pres- 
sure vessel introducing a compressive stress in the 
material greater than the stress to which the pres- 
sure vessel will be subjected to under pressure. 

14. A method for preventing stress corrosion in a pres- 
sure vessel as in claim 13 including cleaning the pressure 
vessel; rotating the pressure vessel; pivoting a peening 
nozzle through an arc while the pressure vessel is rotat- 
ing to peen an end of the pressure vessel; fixing the 
peening nozzles and advancing it along the rotating pres- 
sure vessel; again pivoting the peening nozzle through an 
arc to peen the other end of the rotating pressure vessel. 

15. A method for preventing stress corrosion in a pres- 
sure vessel as in claim 14 including the step of maintain- 
ing bead flow at all times substantially normal to the 
surface being peened. 

16. A method for preventing stress corrosion in a pres- 
sure vessel as in claim 13 including the steps of rotating 
the pressure vessel; positioning the pressure vessel so that 
used beads and debris flow to one end of the pressure 
vessel; evacuating the beads and debris; separating the 
debris from the used beads; returning the beads to the 
bead propelling machine; and re-using the beads. 

17. A method for preventing stress corrosion in a pres- 
sure vessel as in claim 13 including the steps of main- 
taining the rate of bead flow; and increasing the propelling 
pressure as the number of beads decrease due to 
breakage. 

18. A method for preventing stress corrosion in a pres- 
sure vessel as in claim 13 including the steps of inducing 
a compressive stress of approximately 100 K s.i. in the in- 
ner surface of the pressure vessel, and indenting said 
inner surface from .012 to .014 inch. 

19. A method for preventing stress corrosion and re- 
ducing points of stress concentration in a pressure vessel 
comprising the steps of: cleaning the pressure vessel; ro- 
tating the pressure vessel; pivoting a peening nozzle 
through an arc while the pressure vessel is rotating to 
peen an end of the pressure vessel; fixing the peening noz- 
zles and advancing it to peen along the rotating pressure 
vessel; again pivoting the peening nozzle through and arc 
to peen the other end of the rotating pressure vessel; po- 
sitioning the pressure vessel so that used beads and debris 
flow to one end of the pressure vessel; evacuating the 
beads and debris; separating the debris from the used 
beads; returning the beads to a bead propelling machine; 
reusing the beads; and programing the above steps to 
maintain uniform peening of the entire inner surface of 
the pressure vessel. 

20. A method for preventing stress corrosion in a pres- 
sure vessel as in claim 13 including the steps of rotating 
the pressure vessel at a programed varying speed; and 
pivoting a peening nozzle through a programed arc while 
the pressure vessel is rotating to peen the entire inner sur- 
face of the pressure vessel. 
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